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Protein-Ligand Interactions II
2846-Pos Board B1
Volumetric Characterization of Tri-N-Acetylglucosamine Binding to
Lysozyme
Ikbae Son, Yuen Lai Shek, David N. Dubins, Tigran V. Chalikian.
University of Toronto, Toronto, ON, Canada.
Volumetric characteristics of protein recognition events determine the direction
of pressure-induced shifts in the recognition reaction, while also providing in-
sights into the structural, dynamic, and hydration changes. We report changes
in volume, aV, and adiabatic compressibility, aKS, accompanying the binding
of tri-N-acetylglucosamine [(GlcNAc)3] to lysozyme at 25 C in a pH 5.5 so-
dium acetate buffer. We interpret our measured changes in volume and com-
pressibility in terms of changes in hydration and dynamic properties of the
protein. Based on our aV data, we find that 79544 water molecules are re-
leased to the bulk from the hydration shells of the protein and the ligand.
Our aKS data suggest a 452 % decrease in the mean-square fluctuations of
the intrinsic volume of the protein, <dVM2> (or a 2 % decrease in dVM).
Thus, the trisaccharide-bound state of the enzyme is less hydrated, more rigid,
and less dynamic compared to the unbound state. In general, we discuss the im-
portance of volumetric insights into the molecular origins of protein recogni-
tion events.
2847-Pos Board B2
X-Ray SingleMolecule Tracking of MHC/Peptide Complex Reveal a Novel
form of TCR Recognition Pattern
Yufuku Matsushita1, Yuko Kozono2, Hiroshi Sekiguchi3, Yuji C. Sasaki1,
Haruo Kozono2.
1The University of Tokyo, Kashiwa, Chiba, Japan, 2Tokyo University of
Science, Noda, Chiba, Japan, 3JASRI/SPring-8, Sayou-cho, Hyougo, Japan.
Class II MHC can take loosely bound peptides conformations, which generated
in the recycling endosomes or cell surface, that are recognized by autoimmune
T cells. H2-DM converts loosely bound complexes to tightly bound complexes;
however the mechanism of H2-DM action is not solved yet. The loosely bound
peptide/MHC complex may have larger flexibility than tight one. We tried to
detect such flexibility of peptide/MHC complex as well as H2-DM function
by examining the Brownian motion of peptide/MHC complex with diffracted
X-ray tracking (DXT) that monitors real-time movements of individual pep-
tides/MHC in solution at the single-molecule level. We used I-Ak and peptides
that differ in their length. Those peptides share same MHC binding sequence,
however longer peptide has extra four amino acids at the N-terminus; conse-
quently longer peptide has higher affinity than shorter one for I-Ak. DXT re-
vealed that the motion of long-peptide/MHC complexes cease upon
incubation by themselves, whereas the motion of short-peptide/MHC complex
sustain the original state for days. H2-DM acts on both complexes and dimin-
ishes the motion instantly. These changes of Brownian motion may reflect the
conformational change of MHC. Thus, we suggest that measuring the motion of
peptide at milliseconds level presents new parameters for both peptide/MHC
complex and H2-DM function.
2848-Pos Board B3
Correlated Motions in Protein Crystals Measured by THz Microscopy
Katherine A. Niessen1, Gheorghe Acbas1, Edward Snell2, Andrea Markelz1.
1University at Buffalo, SUNY, Buffalo, NY, USA, 2Hauptman Woodward
Medical Research Institute, Buffalo, NY, USA.
We introduce a new technique, Crystal Anisotropy Terahertz Microscopy
(CATM) which directly measures correlated intra-molecular protein vibrations.
The terahertz (THz) frequency range (5-100 cm1) corresponds to global cor-
related protein motions proposed to be essential to functional conformational
changes [1, 2]. CATM accesses these motions above the relaxational back-
ground of the solvent and residue side chain
librational motions. We demonstrate nar-
rowband features in the anisotropic absor-
bance for hen egg-white lysozyme
(HEWL) single crystals as well as HEWL
with triacetylglucosamine (HEWL-3NAG)
inhibitor single crystals. By self-
referencing to a single orientation, the ab-
sorption spectra were obtained and are
free from absorption due to librational mo-
tions from biological water and artifacts
due to multiple reflections within the crys-tal. The most prominent features for the HEWL crystals appear at 45 cm1,
69 cm1, and 78 cm1 and the strength of the absorption varies with crystal ori-
entation relative to the THz polarization. Similar anisotropic features appear in
molecular mechanics calculations suggesting specific correlated mode identifi-
cation is possible, giving us direct insight to the role of correlated motions in
conformational changes necessary for ligand binding and catalysis. This
work supported by NSF MRI^2 grant DBI295998.
2849-Pos Board B4
Conformational Characterization of Phosphorylated Analogs of a Peptide
Mimetic of the Fourth Cytoplasmic Loop of CB1Cannabinoid Receptor
Anjali D. Ganjiwale1, Allyn C. Howlett2, Sudha M. Cowsik3.
1Institute of Bioinformatics and Applied Biotechnology, Bangalore, India,
2Wake Forest University Baptist Medical Center, Winston Salem, NC, USA,
3Jawaharlal Nehru University, New Delhi, India.
Phosphorylation is an important regulatory mechanism in receptor signaling. It
has been shown that phosphorylation of the CB1 receptor disrupts modulation
of ion channels by the receptor and CB1 cannabinoid receptor intracellular
C-terminal tail domain (amino acids 401-417) is critical for G(i/o) protein cou-
pling. Further, the proximal portion of the C-terminus of the cannabinoid CB1
receptor is a primary determinant for G-protein activation. The synthetic pep-
tide fragment of the C-terminal juxtamembrane region (CB1 401-417) referred
here as IL4 peptide mimicked the receptor’s response of inhibiting adenylate
cyclase. In the present study, we have used phosphorylated analogues of IL4
peptide to analyze the effect of phosphorylation on the conformation of the pep-
tide and G-protein activation using NMR Spectroscopy. Unambiguous proton
NMR assignments have been carried out with the aid of correlation spectros-
copy (DQF-COSY and TOCSY) experiments and nuclear Overhauser effect
spectroscopy (NOESY and ROESY) experiments. The distance constraints ob-
tained from the NMR data have been used in torsion angle dynamics algorithm
for NMR applications (DYANA) to generate a family of structures which have
been refined using restrained energy minimization and dynamics. The confor-
mational range of the phosphorylated IL4 peptide revealed by NMR studies has
been analyzed in terms of characteristic secondary structural features. The re-
sults obtained provide insight into the mechanism by which the peptide acti-
vates G-proteins, as a first step in signal transduction.
2850-Pos Board B5
Characterization of the Intramolecular Interactions in the Circularly
Permuted GTPase Nucleostemin
Tyler H. Daman, Victoria L. Robinson.
University of Connecticut, Storrs, CT, USA.
Nucleostemin is a unique protein that plays a role in cell cycle regulation, cel-
lular stress sensing, telomere maintenance, and tumor suppression. Similar to
other nucleolar proteins, compartmentalization plays a large role in regulating
the activity of NS. The mechanism behind this redistribution is poorly defined
but it is linked to the GTPase properties of the protein and an uncharacterized
inhibitory region that directs complex formation between NS and various cel-
lular partners. We have been studying the structural and biochemical properties
of drosophilia NS1 to better understand the molecular basis of this dynamic lo-
calization process. The canonical GTPase core contains a six-stranded b sheet
surrounded by 5 a helices. The nucleotide-binding site of the protein is defined
by four conserved amino acid sequence motifs, the G-1 through G-4 boxes.
cpGTPases are characterized by a reordering of the characteristic G boxes spe-
cifically to a G4-G1-G3 pattern, thus a circular permutation of the classic
GTPase arrangement. There is little known about how altering the positioning
of the G-boxes affects the nucleotide binding and regulatory properties of the
protein. Work from our group and other laboratories demonstrated that
cpGTPases have broad substrate specificity and can hydrolyze GTP and
ATP. We have also identified several structural domains in dNS1 using limited
proteolysis. Truncation constructs have been made to elucidate the role of each
domain and how the physical interactions between these domains contribute to
the biological properties of the protein. Taken together, these data point to
a mechanism of action that differs from the larger GTPase family.
2851-Pos Board B6
Relative Promiscuity Between Bacterial and Human Fad Synthetase:
A Potential Source of Biomarkers
Kimberly Jacoby, Emily Mattes, Robert Stanley.
Temple University, Philadelphia, PA, USA.
FAD Synthetase (FADS) is a ubiquitous enzyme responsible for synthesizing
flavin adenine dinucleotide (FAD) by the adenylation of flavin mononucleotide
(FMN) using adenosine triphosphate (ATP). In bacteria, this enzyme is bifunc-
tional, in that it catalyzes both the phosphorylation of riboflavin to produce fla-
vin mononucleotide (FMN) and the adenylylation of FMN to produce flavin
adenine dinucleotide (FAD). In contrast, the eukaryotic FADS enzyme is
556a Wednesday, February 6, 2013monofunctional, being capable of only the adenylation of FMN to form FAD.
Studies on bacterial FADS have shown considerable promiscuity in the accep-
tance of altered FMNs as substrates but absolutely no uptake of different nucle-
otide triphosphates (e.g. CTP, TTP, etc.).
Here we show that bacterial FADS (from C. ammoniagenes, CaFADS) will ac-
cept a modified ATP analog, specifically the fluorescent ATP analog aminopur-
ine-2’-deoxyriboside-5’-triphosphate (2ApTP) for the production of dual
fluorescent F-2Ap-D. Surprisingly, preliminary experiments indicate the mono-
functional hFADS is not similarly promiscuous. These results implicate that
this difference in substrate specificity may lead to unique biomarker applica-
tions. Understanding these enzymes may also lead to new approaches in nucle-
oside analog therapeutics.
2852-Pos Board B7
Effect of Two Point Mutations in Lung Surfactant Protein-D on Enhancing
its Inhibition Activity Against Influenza a Virus
Boon Chong Goh1, Xueqing Zou2, Michael J. Rynkiewicz3,
Barbara A. Seaton3, Klaus Schulten1,2.
1University of Illinois at Urbana-Champaign, Urbana, IL, USA, 2Beckman
Institute, Urbana, IL, USA, 3Boston University, Boston, MA, USA.
Lung collectin surfactant proteins are pulmonary host defense proteins that
contribute to innate, front-line defense against influenza A virus (IAV) and
other inhaled pathogens. Effective pulmonary host defense requires fast recog-
nition by lung surfactant protein D (SP-D) of glycans on the globular head of
IAV hemagglutinin (HA), thereby initiating events leading to pathogen neutral-
ization. In site-directed mutagenesis experiments, a double mutant of human
SP-D, namely R343V/D325A, was found to enhance IAV neutralization activ-
ity. In order to understand the effect of the double mutation on the mechanism
of SP-D recognition and inhibition of IAV HA, we performed molecular dy-
namics simulations on docked SP-D-HA complexes for wild type SP-D
(wtSP-D) and double mutant SP-D (dmSP-D). Our simulations revealed that
side chain properties of the mutated residues and modes of glycan binding
lead to increased binding affinity of dmSP-D to the active site of IVA HA, in-
creasing thereby its antiviral activity.
2853-Pos Board B8
Druggability Assessment of Allosteric Proteins by Dynamics Simulations
in Presence of Probe Molecules
Ahmet Bakan1, Neysa Nevins2, Ami S. Lakdawala2, Ivet Bahar1.
1University of Pittsburgh, Pittsburgh, PA, USA, 2GlaxoSmithKline, King of
Prussia, PA, USA.
Druggability assessment of a target protein is an important concept in drug dis-
covery. Target flexibility and allostery poses challenges to structure based bind-
ing site identification and druggability assessment methods. We developed
a simulation-based methodology for comprehensive analysis of the dynamics
and binding properties of target proteins (1). Two distinguishing features of
the methodology are: (i) simulation of the target in presence of a diversity of
probe molecules selected upon analyzing functional groups on approved drugs,
(ii) identification of druggable sites and estimation of corresponding maximal
affinities based on the geometry and energetics of bound probe clusters. The
use of the methodology for a variety of targets such as PTP1B, lymphocyte
function-associated antigen 1, and vertebrate kinesin-5 (Eg5) provides shows
that the method correctly captures the location and maximal affinities known
bindings sites. It also provides insights into the target’s structural changes
that would accommodate, if not promote and stabilize, drug binding (2). Nota-
bly, the ability to identify high affinity spots even in challenging cases such as
PTP1B or Eg5 shows promise as a rational tool for assessing the druggability of
protein targets, and identifying novel allosteric sites for drug binding. A thor-
ough case study of cytochrome (cyt) c druggability provides further support to
the utility of the methodology for prospective targets with limited structural
data. We identified the pocket facing heme and accessible in the partially un-
folded form of cyt c as a sub-nanomolar druggable site. The first ever pharma-
cophore model developed for cyt c based on these simulations can distinguish
known heme binders and is being advantageously used for discovering new
drug-like inhibitors of cyt c.
1. Bakan A et al. J Chem Theory Comput. 2012 8(7):2435-47.
2. Bakan A, Bahar I. PNAS 2009 106(34):14349-54.
2854-Pos Board B9
Designing Short Peptides with High Affinity for Organic Molecules: A
Combined Docking, Molecular Dynamics and Monte Carlo Approach
Rolando P. Hong Enriquez1, Silvia Pavan2, Fabio Benedetti2,
Alessandro Tossi2, Adriano Savoini3, Federico Berti2, Alessandro Laio1.
1International School for Advanced Studies (SISSA), Trieste, Italy,
2Universita` di Trieste, Trieste, Italy, 3T&B associati srl, Trieste, Italy.We present a method to design small peptides able of high affinity binding with
a preselected target molecule. Our algorithm builds on a combination of molec-
ular dynamics, semi-flexible docking and replica exchange Monte Carlo, and
performs simultaneous sampling in sequence and conformational spaces care-
fully selecting the degree of flexibility in the mutated peptides. The approach is
used to design a decapeptide able to bind the anti-HIV drug efavirenz. The cal-
culated binding energy of the designed peptide (approx. 12 kcal/mol) was
confirmed experimentally by fluorescence measurements. NMR spectroscopy
confirmed the interactions between the peptide and the efavirenz molecule pre-
dicted by the algorithm.
2855-Pos Board B10
Protein Kinase G Ligand Binding Specificity via Confine-And-Release
Thermodynamic Integration
Paul M. Gasper1, J. Andrew McCammon1,2.
1University of California - San Diego, La Jolla, CA, USA, 2Howard Hughes
Medical Institute, La Jolla, CA, USA.
Protein Kinase G (PKG) is a second messenger dependent protein implicated in
smooth muscle relaxation. Active PKG signals for blood vessel dilation, mak-
ing it an attractive target in cardiovascular drug discovery. The PKG regulatory
domain consists of two, potentially druggable, cyclic nucleotide binding do-
mains (CNBDs), which activate PKG when simultaneously occupied by
cGMP. Here we contribute to the characterization of each CNBD by examining
its ability to discriminate between cGMP and a highly similar ligand, cAMP.
Relative binding free energies were calculated using molecular dynamic simu-
lations and thermodynamic integration (TI). The contribution of individual res-
idues was assessed by repetition over a series of mutant structures. In some
cases, multiple ligand binding conformations (syn vs. anti about the glycosyl
bond) were found to meaningfully contribute to the binding free energies. As
the barrier to rotation between these conformations prevented adequate sam-
pling on computationally feasible TI timescales, the confine-and-release
method was used to account for the contribution of each conformation. This re-
sulted in improved convergence and agreement with experiment.
2856-Pos Board B11
Computer Simulations of NAD Channeling between GAPDH and LDH
Rahul Nori1, Igor V. Uporov2, Neville Y. Forlemu3, Kathryn A. Thomasson1.
1University of North Dakota, Grand Forks, ND, USA, 2Moscow State
University, Moscow, Russian Federation, 3Georgia Gwinnett College,
Lawrenceville, GA, USA.
Functional protein-protein interactions are essential formany physiological pro-
cesses andmay play important roles in substrate channeling, coenzyme transfer,
and compartmentation in glycolysis. Herein, Brownian dynamics (BD) eluci-
dates the interactions between the glycolytic enzymes glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and lactate dehydrogenase (LDH) and
the transfer of the cofactor nicotinamide adenine dinucleotide (NAD) between
LDH and GAPDH. BD channeling simulation results strongly depend on choice
of reactive atom set. When the reactive atoms set comprise of atoms in the
vicinity of the NAD binding site of either enzyme, short NAD trajectories
between enzyme subunits occur. If the reactive atoms set were chosen from
atoms belonging to NAD binding sites, the efficiency of reaching LDH
decreased significantly, and even the shortest trajectories spent time equilibrat-
ing with solvent before binding the next active site. Transfer of NAD from
GAPDH to LDH is sensitive to overall structure of enzyme-enzyme complex.
Small variations in orientation of one enzyme relative to the other cause changes
in channeling efficiency. The process of NAD release from GAPDH and LDH
binding sites was studied with steered molecular dynamics. The GAPDH/LDH
complex with two LDH subunits facing two GAPDH subunits was chosen as
initial structure. Six NADmolecules were included - two molecules in GAPDH
active subunits and 4 NAD molecules bound to each LDH subunit. External
forces were applied to O3 NAD atom of each NAD molecule. MD trajectories
(2 ns) with external force (% 1000 pN) were able to pull the NAD out of
GAPDH, but not out of LDH. Such strong binding of NAD by LDH is because
the nicotinic moiety is buried deep inside LDH subunit globule. Additional
studies are needed to confirm the hypothesis that intermolecular contacts soften
GAPDH subunit and its affinity to NAD reduces.
2857-Pos Board B12
An Atomic Force Microscopy Study of Riboflavin Receptor Targeting
Nanoparticles
Abigail Leistra1, Amanda Witte1, Seok Ki Choi2, Kumar Sinniah1.
1Calvin College, Grand Rapids, MI, USA, 2University of Michigan, Ann
Arbor, MI, USA.
Riboflavin ligands present an alternative pathway for targeted drug delivery as
riboflavin receptors are over-expressed in breast and prostate cancer cells. We
have examined a riboflavin conjugated PAMAM dendrimer (generation 5) for
